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Claims 



, A M of altering the reftactiv. index of a region of a orysul comprising focusing a 

nldrl.a.aesiredpositionwi*inthecrys.a.andn,ovingmef 

:;:;;;il*efocused^ai.ers.ere^tiveindexof*e.gionof*ec.s.a,aions 

the path. 

^.A^ethod according to Caimlin^hichthereftactiveindexof^eregion is increased. 
3.An.ethod according to clain.tor2in Which the altered region ofthe crystal comprisesa 
waveguide. 

4 A^ethodaccordingtoclain,!. 2 or 3 comprising the steps of moving the focused bea» 
along multiple pa.hsu,createadi»action grating within the crystal. 

5.Amethod according to claim 1.2„r3comprising the steps of moving the focused bean, 
to create a selective reflector within the crystal. 

.Amethod according to any preceding claim in Which a. .east part of tl^regionof^^^^^^ 
.^tive index is created remote 6om the snr&ces of the crystal, preferably atad-stance of 

more than 10 /xm. 

7 A method according to claim 6 wherein .he region is created at variable depth from *e 
sices of tite crys^d and preferably forms a three dimensional light g^drng structure 
within the crystal. 

8 Amethod according to any preceding claim in which the effective refractive index of *e 
region is altered by a predetermined amount and pref^ly increased wrth respect to the 
effective reftacUve index of the adjacent material. 

9Ame.hodaccordingU>claim8inwhichtheintensityofthe.ightbeamUmodu,atedwW« 
AC focused beam is moved modulating the predetermined change to the refractive mdex 
which is proportional to the intensity. 
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,0.A meftod aoco«Ung to any preceding claUn in which no laser-induced breakdow of the 
crystal in the path has occurred. 

n. A meflxod according » any preceding claim wherein .he crysW on which the laser is 
focused is a laser crystal suitable for use in producing a laser. 

,2. A method according to claim 1 1 in which fl>e laser crystal is YAG, Forsteryte. Vanadate, 

LiSAF, GSGG or Sapphire . 

13. A method according to claim 1 1 or 12 in which the laser crystal is doped, preferably with 
a metal. 

,4. A metirod according to claim 12 or 13 in which the laser crystal is chromium doped. 
Titanium doped, Tm, Er, Yb or neodymium doped. 

IS. A method according to claim 14 in which the laser crystal has additional co-doping. 

,6 A method according to any of claims 11 to 15 in which the laser crystal contains a 
number of point defects, preferablyasubstantial number and/or preferably vacancy detects. 

,7. A method according to any preceding claim in which muWple regions of altered 
reftactive mdex are created at multiple differem depths within the crystal. 

18. A methyl accordmg to any preceding claim wherein the light beam used is a pulsed laser. 

19. A method according to claim 18 wherein the pulsed laser is a femtosecond laser with a 
pulse duration of below 200 fs and preferably around 120 fe. 

20 A method according to claim 18 or 19 wherein the laser is operated at wavelength of 
between 1.35 /.m and 1.57 ^m. and preferably 1.5 ^m, and/or at a wavelength chosen to 
minimise linear absorption by the crystal. 

21. A method according to any of claims 18 to 20 wherein the laser has a pulse fiequency of 
between 0.5 And 1 .5 kHz and preferably around 1 kHz. 
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p 1 ;«.c iR to 21 wherein the laser has a pulse energy of 
22. A method according to any of claims 18 to 21 wnerem ui 

around 0.5mJ. 

23 A method ac^rding to any preceding claim in which .he beam is focused by a 
microscope objective preferably ™.h a numerical apem^e in the nmge 0.2 to 0.65. 

24. A method according to any pr^eding claim in which the focused beam is moved 
periodically along the path. 

25. A laser cavity at least part of wMch and preferably all is made by the method of any 
preceding claim. 

26 A crystal comprising an inscribed optical structure wherein the strucnte has a different 
„fractive index to the rest of the crystal and preferably a higher reflective mdex. 

27. A laser crystal for producing a laser beam comprising the crystal of claim 26. 

28.. A laser cavity comprising the crystal of claim 26 or 27. 

29. A crystal according to any of claims 26 to 27 in which the crystal is YAG. Forsteryte. 
Vanadate, LiSAF.GSOO or Sapphire. 

30. A crystal according to any of claims 26 to 29 in which crystal is doped with a metal and 
preferably Chromium, Titanium, Tm, Er, Yb or Neodymium doped. 

31. A crystal according to any of claims 26 to 30 in which the crystal has additional doping 
and preferably with Magnesium or Calcium. 

32. A crysu.1 according to any of claims 26 to 31 wherein at least part of the optical structure 
is remote torn the surfaces of the crystal. 

33. A crystal according to claim 32 wherein at leas, part of the optical structure is at a depth 
of over 10 Dm from Uk surface of fl.e c,ys.al and preferably over lOO^m. 
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f .i.;m« 76 to 33 wherein the optical structure is surrounded 
^4 A crystal according to any of claims 26 to J J wncrci 



lattice. 



35 A crystal according .o any of Cairns 26 to 34 wherein *e optica. ^ is ttoee 
dimensional/ hasavariabledepttrwi* respect tosorfecesotfte crystal. 

36. A crystal according to any of ctaims 26 to 35 wherein the optical strucn^ composes a 
waveguide. 

37 A crystal according to claim 36 wherein the optical structure comprises a mulitcore 
waveguide having a plurality of coupled single waveguides. 

38. A crystal according to claim 37 wherein the multicore waveguide is capable of operating 
as carrier of a common supermode. 

39 A crystal according to claim 37 or 38 wherein the plurality of coupled single waveguides 
are each separated by less tiumS^m and preferably separated by around3.5;.m. 

40. A crystal according «. any of claims 26 to 39 wherein the optical structi»e comprises a 
diffraction grating. 

41. A crystal according to any of claims 26 ,0 40 wherein the optical strucn^ comprises a 
selective reflector. 

42. A crystal according to any of claims 26 to 41 wherein the optical structure comprises an 
Optical coupler. 

43. A crystal according to any of claims 26 to 42 wherein the optical structure has a lower 
refractive index than rest of crystal. 

44. A crystal according to any of claims 26 to 43 wherein the material of tire optical strucmre 
is part of the crystal and has not broken down. 
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45 A crys.al according .o any of Cain- 26 .„ 44 wherein *e optica. sm-Cures comprises a 
pLty of nnu-e, regions which posing abo.e or on Ure side of each other .ns.de the 
crystal. 

f ^io;«,c 9S tr> 45 having an increased quantity of defects 
46. A crystal according to any of claims 25 to 45 naving 

throughout the crystal. 

47 A crys^a according to daim 46 wherein the defects comprise one or more of point defect 
such as vacancies, interstitial defects and substitutional impurity defects. . 

48. Crystal according to claim 46 wherein the defects comprise dislocations. 

49. Crystal a^rding to claim 48 wherein concentration of point defects is in the range 1 - 

10^' cm'^ 

50. crystal according to claim 48 or 49 wherein concentration of dislocations is in the range 
10' - 10" cm-'. 

51. A method of producing a multioore waveguide, comprising a plurality of coupled single 
waveguides, in a material, comprising the steps of. 

focusingapulsed laser beam atadesiredposition within thematerialandmovingthefoc^ 
beam along a path such that the focussed beam alters the refractive index of the regron of the 
material along the path, * ■ i „„j 

and refocusing a pulsed las. beam at a second desired position withm the maUnal and 
movmg the focusM beam along a se«,nd path separated from the fust path such *at d.e 
focussed beam altersthe refractive index otthe region ofthe material alongthe second path. 

52. A method according to claim 51 in which the first and second paths are separated by a 
substantially constant distance. 

53. A m«hod according to claim 51 or 52 wherein the multicore waveguide is capable of 
operating as carrier of a common supermode. 
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54 A method according U> data 51. 52 or 53 wherein ftc plurality of coupled single 
waveguides are each separatedby less thanS^n. and preferably separa,edl>yaround3.5;,m. 

55 A method according to any of claims 5 Ho 54 wherein the step of refocusing and creating 
I' litional altered region along an addiUonal pad. is repeated .0 or preferably 20 ttm^ 
produceamultico^ waveguide comprisinglOor preferably 20ccupledsu.Elewavegu.des 

56. A method according to any of claims 51 to 55 wherein the material comprises a crys«.l. 

57 A method of fabricating an optical structure in an active crystal comprising focusing a 
pulsed laser beam atadesiredposiUon within the crystal and moving the focused bean-aong 
:tatl.hat.hefocusedbeamal.ersthere^tiveinde.oftheregi„nofd.crys.aU.ong 

the path. 

58. Amethod according Claim 1.51 or 57 in which the average refractive index of the region 
is decreased. 

59. Amethod according to claim 58 whereu. the refractive index of the region is increased in 
part and decreased in other parts. 

60. Alaser formed bya waveguide inscribed in a crystal of Y AG lodged with Nd'* 

61. A laser according to claim 60 and 36 or 37 and having feedback elements. 

62 A laser formed by an effective waveguide havmg a cladding of depressed refraction 
index preferably where the core of umnodifled material is surrounded, at least in part, by a 
number of tracks comprising material modified in a way to mamly decrease fl« reftachve 
index. 



